A Randomized Trial of Nighttime Physician Staffing in an Intensive Care Unit by Kerlin, Meeta Prasad et al.
University of Pennsylvania
ScholarlyCommons
Statistics Papers Wharton Faculty Research
6-6-2013
A Randomized Trial of Nighttime Physician
Staffing in an Intensive Care Unit
Meeta Prasad Kerlin
University of Pennsylvania
Dylan S. Small
University of Pennsylvania
Elizabeth Cooney
Barry D. Fuchs
University of Pennsylvania
Lisa M. Bellini
University of Pennsylvania
See next page for additional authors
Follow this and additional works at: http://repository.upenn.edu/statistics_papers
Part of the Medicine and Health Sciences Commons, and the Statistics and Probability
Commons
This paper is posted at ScholarlyCommons. http://repository.upenn.edu/statistics_papers/158
For more information, please contact repository@pobox.upenn.edu.
Recommended Citation
Kerlin, M., Small, D. S., Cooney, E., Fuchs, B. D., Bellini, L. M., Mikkelsen, M. E., Schweickert, W. D., Bakhru, R. N., Gabler, N. B.,
Harhay, M. O., Hansen-Flaschen, J. H., & Halpern, S. D. (2013). A Randomized Trial of Nighttime Physician Staffing in an Intensive
Care Unit. The New England Journal of Medicine, 368 (23), 2201-2209. http://dx.doi.org/10.1056/NEJMoa1302854
A Randomized Trial of Nighttime Physician Staffing in an Intensive Care
Unit
Abstract
Background
Increasing numbers of intensive care units (ICUs) are adopting the practice of nighttime intensivist staffing
despite the lack of experimental evidence of its effectiveness.
Methods
We conducted a 1-year randomized trial in an academic medical ICU of the effects of nighttime staffing with
in-hospital intensivists (intervention) as compared with nighttime coverage by daytime intensivists who were
available for consultation by telephone (control). We randomly assigned blocks of 7 consecutive nights to the
intervention or the control strategy. The primary outcome was patients’ length of stay in the ICU. Secondary
outcomes were patients’ length of stay in the hospital, ICU and in-hospital mortality, discharge disposition,
and rates of readmission to the ICU. For length-of-stay outcomes, we performed time-to-event analyses, with
data censored at the time of a patient’s death or transfer to another ICU.
Results
A total of 1598 patients were included in the analyses. The median Acute Physiology and Chronic Health
Evaluation (APACHE) III score (in which scores range from 0 to 299, with higher scores indicating more
severe illness) was 67 (interquartile range, 47 to 91), the median length of stay in the ICU was 52.7 hours
(interquartile range, 29.0 to 113.4), and mortality in the ICU was 18%. Patients who were admitted on
intervention days were exposed to nighttime intensivists on more nights than were patients admitted on
control days (median, 100% of nights [interquartile range, 67 to 100] vs. median, 0% [interquartile range, 0 to
33]; P<0.001). Nonetheless, intensivist staffing on the night of admission did not have a significant effect on
the length of stay in the ICU (rate ratio for the time to ICU discharge, 0.98; 95% confidence interval [CI],
0.88 to 1.09; P=0.72), ICU mortality (relative risk, 1.07; 95% CI, 0.90 to 1.28), or any other end point.
Analyses restricted to patients who were admitted at night showed similar results, as did sensitivity analyses
that used different definitions of exposure and outcome.
Conclusions
In an academic medical ICU in the United States, nighttime in-hospital intensivist staffing did not improve
patient outcomes. (Funded by University of Pennsylvania Health System and others; ClinicalTrials.gov
number, NCT01434823.)
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Background
Increasing numbers of intensive care units (ICUs) are adopting the practice of 
nighttime intensivist staffing despite the lack of experimental evidence of its ef-
fectiveness.
Methods
We conducted a 1-year randomized trial in an academic medical ICU of the effects 
of nighttime staffing with in-hospital intensivists (intervention) as compared with 
nighttime coverage by daytime intensivists who were available for consultation by 
telephone (control). We randomly assigned blocks of 7 consecutive nights to the 
intervention or the control strategy. The primary outcome was patients’ length of 
stay in the ICU. Secondary outcomes were patients’ length of stay in the hospital, 
ICU and in-hospital mortality, discharge disposition, and rates of readmission to 
the ICU. For length-of-stay outcomes, we performed time-to-event analyses, with 
data censored at the time of a patient’s death or transfer to another ICU.
Results
A total of 1598 patients were included in the analyses. The median Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) III score (in which scores range from 
0 to 299, with higher scores indicating more severe illness) was 67 (interquartile 
range, 47 to 91), the median length of stay in the ICU was 52.7 hours (interquartile 
range, 29.0 to 113.4), and mortality in the ICU was 18%. Patients who were admit-
ted on intervention days were exposed to nighttime intensivists on more nights 
than were patients admitted on control days (median, 100% of nights [interquartile 
range, 67 to 100] vs. median, 0% [interquartile range, 0 to 33]; P<0.001). Nonethe-
less, intensivist staffing on the night of admission did not have a significant effect 
on the length of stay in the ICU (rate ratio for the time to ICU discharge, 0.98; 95% 
confidence interval [CI], 0.88 to 1.09; P = 0.72), ICU mortality (relative risk, 1.07; 
95% CI, 0.90 to 1.28), or any other end point. Analyses restricted to patients who 
were admitted at night showed similar results, as did sensitivity analyses that used 
different definitions of exposure and outcome.
Conclusions
In an academic medical ICU in the United States, nighttime in-hospital intensivist 
staffing did not improve patient outcomes. (Funded by University of Pennsylvania 
Health System and others; ClinicalTrials.gov number, NCT01434823.)
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Most studies suggest that inten-sivist physicians improve patient out-comes in intensive care units (ICUs).1-3 
It is thus tempting to conclude that a “dose– 
response effect” might exist, such that greater 
exposure to intensivists would be associated with 
even better outcomes.4 Indeed, some authors ar-
gue that 24-hour presence of seasoned intensiv-
ists at the bedside of patients would improve diag-
nostic and therapeutic efficiency, particularly for 
high-risk patients.5-7 As a result, many ICUs, in-
cluding one third of academic ICUs in the United 
States8 and nearly three quarters of ICUs in Eu-
rope,9,10 use in-hospital intensivist staffing at night.
Before-and-after studies of nighttime intensiv-
ist staffing in the United States, United Kingdom, 
and Canada have yielded mixed results.11-13 A re-
cent multicenter, retrospective cohort study showed 
that among 22 U.S. ICUs with “low-intensity” 
daytime physician staffing (i.e., patients were 
not routinely cared for by intensivists during the 
day), ICUs that employed in-hospital intensivists 
at night had lower risk-adjusted mortality than 
did ICUs without nighttime intensivists.14 Among 
27 ICUs that used recommended “high-intensi-
ty” daytime physician staffing (i.e., mandatory 
involvement of intensivists as primary physicians 
or consultants),15 no such benefits were shown.14 
Given the limitations of observational studies, 
concerns about the costs of nighttime intensivist 
staffing,16,17 and the uncertain effect of night-
time intensivist staffing on the education and 
training of residents,18 we conducted a random-
ized clinical trial of nighttime intensivist staffing 
in a U.S. academic medical ICU that had high-
intensity daytime staffing and continuous cover-
age by medical residents.
Me thods
Study Design and Oversight
We conducted the Study to Understand Night-
time Staffing Effectiveness in a Tertiary Care ICU 
(SUNSET-ICU) in the medical ICU (MICU) of the 
Hospital of the University of Pennsylvania. The 
trial compared nighttime (7 p.m. to 7 a.m.) staff-
ing with in-hospital intensivists plus the usual 
complement of medical residents (intervention) 
with nighttime staffing with in-hospital resi-
dents alone (control). Nighttime intensivists were 
attending physicians who were board-certified or 
board-eligible in critical care medicine. At night 
during the control periods, daytime intensivists 
and fellows were available for consultation by 
telephone. The study was approved by the institu-
tional review board at the University of Pennsyl-
vania, which granted a waiver of the requirement 
for informed consent. The protocol of the study 
is available with the full text of this article at 
NEJM.org. The first author vouches for the accu-
racy and completeness of the data and for the 
fidelity of the study to the protocol. 
Study Setting and Population
The MICU of the Hospital of the University of 
Pennsylvania is a 24-bed ICU and regional refer-
ral center for acutely ill patients. There are addi-
tional beds in another ICU that are occasionally 
occupied by MICU patients. The MICU is a 
“closed” unit; responsibility for the care of all 
admitted patients is transferred to one of two 
teams, each of which comprises one intensivist, 
one critical care fellow, six medical residents, and 
one advanced practitioner, all of whom are typi-
cally present from 7 a.m. through at least 6 p.m. 
Daytime intensivists rotated in 14-day blocks, 
and three medical residents staffed the ICU night-
ly. Residents were expected to review all new ad-
missions and critical events with a fellow, an in-
tensivist, or both, in person or by telephone within 
1 hour. The default ratio of patients to nurses in 
this unit is 2:1, with a 1:1 ratio for a median of 
2 patients daily (typically patients who require 
nursing-intensive clinical protocols).
We enrolled all patients who were admitted to 
the MICU service over the course of 1 year, from 
September 12, 2011, through September 11, 2012, 
and conducted in-hospital follow-up for an ad-
ditional 90 days. For patients readmitted to the 
MICU within the same hospitalization, we ana-
lyzed only the first admission. We excluded pa-
tients who were admitted during the winter 
holiday block (December 17, 2011 through Janu-
ary 2, 2012), because we did not perform ran-
domization of nighttime staffing during that 
period. We also excluded patients for whom we 
did not have Acute Physiology and Chronic 
Health Evaluation (APACHE) III scores (which 
we used for severity adjustment19) owing either 
to an ICU length of stay shorter than 4 hours 
(making them ineligible for APACHE calcula-
tion) or to missing data and patients who had a 
brief ICU admission that did not include night-
time hours (Fig. 1).
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Randomization and Interventions
A day was defined throughout the study as 7:00 a.m. 
through 6:59 a.m. the following calendar day. We 
randomly assigned 1-week blocks (7 consecutive 
days) to the control or intervention nighttime staff-
ing model. The allocation of weeks was determined 
by the generation of an electronic number, with 
an assignment probability of 50% to each group. 
We stratified randomization within 2-week blocks 
that were determined by the daytime intensivists’ 
schedules to mitigate potential confounding by 
daytime intensivists. We randomly assigned staff-
ing by week rather than by night to enrich the 
analyses with patients who were exposed predom-
inantly to the intervention or the control staffing 
model throughout their stay in the ICU, so that 
results would better reflect the effects of the in-
tervention in practice.
Daytime staffing was constant. On control 
nights, the two daytime intensivists and critical 
care fellows maintained primary responsibility for 
all patients and were available by telephone to 
in-hospital residents and nurses. On intervention 
nights, a single intensivist was physically present 
in the MICU from 7 p.m. to 7 a.m. and assumed 
primary responsibility for all patients. The inten-
sivist was expected to perform timely in-person 
evaluations and write notes for all newly admit-
ted patients and other patients whose condition 
deteriorated. Nighttime intensivists, like residents, 
had a call room adjacent to the MICU for use when 
they were not actively engaged in patient care. 
Nighttime intensivists were drawn voluntarily 
from the pool of daytime intensivists, excluding 
those on service, and each nighttime intensivist 
typically covered no more than 1 night per week.
Study Variables
The primary exposure variable was nighttime 
staffing on the first day of a patient’s admission. 
The primary outcome was the patient’s length of 
stay in the ICU, defined as the time from ICU 
admission to ICU discharge. Secondary outcomes 
were the patient’s length of stay in the hospital, 
defined as the time from ICU admission to hos-
pital discharge; mortality in the ICU; in-hospital 
mortality; the probability of a patient being dis-
charged from the hospital to home; and readmis-
sion of a patient to the ICU within 48 hours after 
discharge from the unit to a hospital ward.9,20 
Patients who were transferred to an inpatient hos-
pice facility were categorized in primary analyses 
as having died at the time of discharge from the 
ICU. Patients who were transferred to home hos-
pice were categorized in primary analyses as alive 
at the time of discharge, because these patients 
typically live longer, and dying at home is com-
monly viewed as a favorable outcome.21
Complementary Data
Daytime intensivists and fellows reported their 
nighttime workload in daily diaries. Nighttime 
intensivists completed paper-based questionnaires 
at the end of each shift that assessed their activi-
ties. Residents who were assigned to the MICU 
during the first 6 months of the study provided 
their perceptions about nighttime intensivist staff-
ing by completing a Web-based survey (see the 
Methods section in the Supplementary Appendix, 
available at NEJM.org).
Statistical Analysis
We used Cox multivariable models to assess the 
effects of the intervention on the length of stay in 
1609 Were eligible
1908 Patients were assessed for eligibility
299 Were excluded
182 Were ICU readmissions
75 Were admitted during
holiday block
27 Had length of stay <4 hr
15 Had ICU stay that did
not include nighttime
hours (no exposure to
intervention or control)
824 Were exposed to nighttime
intensivist coverage on first night
in ICU (intervention)
785 Were exposed to traditional
nighttime staffing model on first
night in ICU (control)
778 Were included in the analysis
7 Were missing APACHE III data
elements in medical record
820 Were included in the analysis
4 Were missing APACHE III data
elements in medical record
Figure 1. Eligibility of the Patients and Their Exposure to Intervention 
or Control Model.
APACHE denotes Acute Physiology and Chronic Health Evaluation, and  
ICU intensive care unit.
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the ICU, censoring a patient’s data at the time of 
death, at the time of transfer to another ICU or 
acute care hospital, or after 90 days. We prespec-
ified that all analyses would be adjusted for 
APACHE III score and the source of ICU admis-
sion (e.g., outside hospital, in-hospital floor, or 
emergency department). We used similar analy-
ses to examine the length of stay in the hospital. 
We assessed the proportional-hazards assump-
tion by testing whether the Schoenfeld residuals 
were associated with time.22
We also assessed relationships between the 
primary exposure variable and the four dichoto-
mous secondary outcomes, using generalized lin-
ear regression with a log link, normal distribu-
tion, and robust variance estimator to estimate the 
relative risks.23 For analyses of readmission to the 
ICU, we defined the exposure as the staffing on 
the night of or immediately preceding the patient’s 
discharge from the ICU; this analysis was restrict-
ed to patients who were discharged to a general 
ward. All analyses were performed according to 
the intention-to-treat principle, such that if a night 
was assigned to the intervention but the assigned 
intensivist was unavailable (e.g., owing to illness), 
the night was still analyzed as an intervention 
night.
We conducted several prespecified restricted 
and sensitivity analyses. First, we repeated our 
main analyses among patients who were admit-
ted at night, since we reasoned that such pa-
tients would be most susceptible to the effects 
of nighttime staffing. For these restricted analy-
ses, we included patients who were admitted 
during the period from 5:00 p.m. through 4:59 
a.m., because these patients were routinely eval-
uated by intensivists on intervention nights. 
Second, the availability of beds on the wards 
could affect the length of stay in the ICU; there-
fore, for patients who were discharged to a gen-
eral ward, we recalculated the length of stay in 
the ICU as the time from ICU admission until 
the patients were deemed ready for ICU dis-
charge, as determined by an electronic request 
for a bed in the general ward. Third, we recoded 
the discharge disposition of all patients who 
were discharged to home-based hospice care as 
deaths, a practice consistent with that in previ-
ous studies.14
Fourth, we redefined the exposure variable as 
a time-varying covariate representing the cumu-
lative proportion of nights exposed to the inter-
vention.24,25 On each day of a patient’s stay in 
the ICU, the cumulative exposure was calculated 
as the number of intervention nights divided by 
the total number of nights up to that day. Fifth, 
we repeated the analyses including only the pa-
tients whose entire length of stay in the ICU 
involved either 100% or 0% exposure to the inter-
vention, thus maximizing the contrast between 
the groups. Finally, to account for the interrelat-
edness of length of stay in the ICU and death in 
the ICU, we evaluated a composite outcome in 
which ICU deaths were ranked as the worst pos-
sible outcome on a length-of-stay scale.26
We also tested whether the effect of the inter-
vention was modified in two prespecified sub-
group analyses. First, we examined whether the 
effects of nighttime intensivist staffing differed 
according to the patients’ severity of illness by 
testing the interaction between the primary ex-
posure variable and patients’ APACHE III scores. 
Second, we tested whether the effects of night-
time intensivist staffing differed when the ICU 
was staffed with less experienced residents (i.e., 
the “July effect”27), by comparing the period of 
“relatively experienced residents” (September 12, 
2011, through June 30, 2012) with the period of 
“relatively inexperienced residents” (July 1, 2012, 
through September 11, 2012).
We estimated that with a sample of 1408 pa-
tients (4 eligible patients per day for 1 year, ex-
cluding the winter holiday block), the primary 
analysis would have 86% power to detect a rate 
ratio of 1.2 for the outcome of time to ICU dis-
charge, at a two-sided significance level of 0.05. 
All the analyses were performed with the use of 
Stata software, version 12.0 (StataCorp) and SAS 
software, version 9.3 (SAS Institute).
R esult s
The study period included 352 nights, 175 of 
which (50%) were randomly assigned to the in-
tervention; nighttime intensivists staffed 166 (95%) 
of the intervention nights. A total of 1598 pa-
tients were included in the analyses (Fig. 1), of 
whom 970 (61%) were admitted at night (Table 1, 
and Table S1 in the Supplementary Appendix). 
The median APACHE III score (with scores rang-
ing from 0 to 299 and higher scores indicating 
more severe illness) was 67 (interquartile range, 
47 to 91), and the median length of stay in the ICU 
was 52.7 hours (interquartile range, 29.0 to 113.4). 
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A total of 381 patients (24%) died in the hospital, 
including 293 (18%) who died in the ICU.
Nighttime intensivists were generally younger 
than the daytime intensivists (Table S2 in the 
Supplementary Appendix), although most (82%) 
also worked as daytime intensivists during the 
study period. Nighttime intensivists completed 
post-shift questionnaires on 116 intervention 
nights (66%) and reported evaluating a median of 
4 (interquartile range, 3 to 5) new patients and 
2 (interquartile range, 1 to 3) previously admitted 
patients per night (Table S3 in the Supplementary 
Appendix). During the control nights, the at-home 
intensivists received a median of 2 (interquartile 
range, 1 to 3) calls each night, and the critical 
care fellows received a median of 2 (interquartile 
range, 0 to 3) calls each night (Table S4 in the 
Supplementary Appendix).
Patients who were admitted on intervention 
days had greater cumulative exposure to night-
time intensivists than did patients who were ad-
mitted on control days (median, 100% of nights 
[interquartile range, 67 to 100] vs. median, 0% 
[interquartile range, 0 to 33]; P<0.001). Staffing 
with nighttime intensivists did not have a sig-
nificant effect on the length of stay in the ICU 
(rate ratio for ICU discharge, 0.98; 95% confidence 
interval [CI], 0.88 to 1.09; P = 0.72) (Fig. 2A). In this 
study, the rate ratio refers to the instantaneous 
rate of discharge from the ICU in the interven-
tion group divided by the instantaneous rate of 
discharge from the ICU in the control group, 
such that a rate ratio greater than 1 would indi-
cate that the intervention shortened the time to 
ICU discharge. The findings were similar in analy-
ses that were restricted to patients admitted at 
night (hazard ratio, 0.98; 95% CI, 0.84 to 1.13; 
P = 0.74) (Fig. 2B), and in several sensitivity analy-
ses (Table 2). The results were also similar in the 
rank-based analysis of length of stay in the ICU, 
in which deaths were coded as the longest pos-
sible length of stay (P = 0.51).
Nighttime intensivist staffing also had no sig-
nificant effect on the length of stay in the hos-
pital (median, 174 hours [interquartile range, 91 
to 361] in the intervention group vs. 166 hours 
[interquartile range, 84 to 328] in the control 
group; rate ratio, 0.91; 95% CI, 0.82 to 1.02; 
P = 0.12) or on ICU mortality, hospital mortality, 
readmission to the ICU among ICU survivors, or 
discharge to home (Table 3). Analyses that were 
restricted to patients admitted at night also showed 
no significant effects of nighttime intensivist 
staffing.
The patients’ APACHE III score did not mod-
ify the effect of the intervention on the length of 
stay in the ICU (P = 0.28 for interaction) (Table 
S5 in the Supplementary Appendix). The effects 
of the intervention on the length of stay in the 
ICU were also similar during periods in which 
residents were more experienced and those in 
which residents were less experienced (Table S6 
in the Supplementary Appendix). There was sig-
nificant heterogeneity in the effect of the inter-
vention on readmission to the ICU during the two 
periods (P = 0.03 for interaction). However, the 
intervention was not associated with significantly 
fewer readmissions during the inexperienced-
resident period (relative risk for readmission, 
0.58; 95% CI, 0.10 to 3.39), and the heterogeneity 
was due, in part, to a nonsignificantly higher 
Table 1. Characteristics of the Study Population.* 
Characteristic
Intervention
(N = 820)
Control
(N = 778)
Male sex — no. (%) 454 (55) 422 (54)
Age — yr
Median 60 60
Interquartile range 48–69 49–70
APACHE III score†
Median 67 67
Interquartile range 47–93 47–91
Interventions during stay in the ICU  
— no. (%)
Mechanical ventilation 338 (41) 300 (39)
Vasopressor administration 220 (27) 191 (25)
Hemodialysis 123 (15) 109 (14)
Source of admission — no. (%)
Emergency department or direct  
admission
383 (47) 367 (47)
Intrahospital transfer from general 
floor
295 (36) 306 (39)
Intrahospital transfer from another 
ICU
53 (6) 36 (5)
Interhospital transfer 89 (11) 69 (9)
Admission at night, 5:00 p.m.–4:59 a.m. 
— no. (%)
500 (61) 470 (60)
* There were no significant differences (at P<0.05) between the intervention 
and control groups in any of the characteristics listed here.
† APACHE III scores range from 0 to 299, with higher scores indicating more 
severe illness. 
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readmission rate with the intervention during the 
experienced-resident period (relative risk for re-
admission, 1.94; 95% CI, 0.87 to 4.30).
The Web-based surveys were completed by 41 
of 91 eligible residents (45%). A majority of resi-
dents reported that the presence of nighttime 
intensivists improved the quality of care as per-
ceived by the resident, provided support to resi-
dents, permitted appropriate resident autonomy, 
and improved the educational experience (Table 
S7 in the Supplementary Appendix).
Discussion
In this single-center randomized trial of in-hos-
pital nighttime intensivist staffing in an academ-
ic medical center in the United States, we found 
no evidence that this staffing model, as com-
pared with nighttime telephone availability of 
the daytime intensivist, had a significant effect 
on length of stay in the ICU or hospital, ICU or 
in-hospital mortality, readmission to the ICU, or 
the probability of discharge to home. We also 
observed no significant benefits of the interven-
tion in subgroups of patients for whom we had 
hypothesized the greatest effects: patients ad-
mitted at night, those with the most severe ill-
ness at the time of ICU admission, and those 
admitted during the period when the residents 
were least experienced. These findings are con-
sistent with a multicenter observational study 
that suggested that in hospitals with high-inten-
sity daytime intensivist staffing, the presence of 
nighttime intensivists did not reduce mortality.14 
The current trial extends this work by removing 
the potential for ICU-level and patient-level con-
founding and by documenting the lack of sig-
nificant effects on a broad range of outcomes.
There are several possible explanations for 
the lack of significant benefit of nighttime in-
tensivists in this study. First, there may be lim-
ited room for improvement in ICUs that have 
daytime intensivist staffing, particularly if the 
benefits of daytime intensivist staffing derive 
from better ICU-wide processes of care.9,28 Sec-
ond, nighttime intensivist staffing may be as-
sociated with discontinuity of care for some 
patients, offsetting benefits for other patients. 
Third, in the staffing model and setting that we 
studied, bedside intensivists may not add to the 
quality of care provided by well-trained resident 
physicians who have telephone access to inten-
sivists. Finally, nighttime intensivists may truly 
have an effect on mortality in a small number of 
patients, but such patients may be so few in 
number that detecting these benefits would re-
quire a much larger study. Future research that 
investigates these and other potential explana-
tions could inform broader debates about the best 
ways to use a limited intensivist workforce.29,30
We also found that most residents believed 
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Figure 2. Kaplan–Meier Curves for Time to Discharge from the ICU.
The time to discharge from the ICU is shown for all the patients (Panel A) 
and for only patients who were admitted to the ICU at night (Panel B), ac-
cording to whether they were admitted to the ICU on a night with in-house 
intensivist staffing (intervention) or on a night with traditional nighttime 
coverage by residents (with daytime intensivists available for consultation 
by telephone) (control).
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that nighttime intensivists improved their educa-
tional experience and provided desirable support 
for decision making. These findings are tem-
pered by the positive framing of the questions in 
our survey and the modest response rate. None-
theless, academic centers may wish to consider 
residents’ perspectives in choosing to adopt or 
retain this staffing model.
A strength of this randomized trial is that it 
took place in an ICU in which 61% of admis-
sions occurred at night. If nighttime intensivists 
were effective, it is likely that they would be 
particularly effective in an ICU with such a large 
nighttime workload. In addition, by randomly 
assigning weeks rather than individual nights, 
we ensured that our contrast would meaning-
fully represent the presence or absence of year-
round nighttime intensivist staffing.
An important limitation of this study is that 
it was performed in a single, academic medical 
ICU in the United States that had round-the-clock 
coverage by reasonably well-trained residents. Our 
results may be generalizable to U.S. academic 
ICUs with high-intensity daytime staffing, which 
have been among the early adopters of nighttime 
intensivist staffing in the United States. How-
ever, our study does not address whether night-
time intensivist staffing may provide benefits in 
community ICUs, ICUs without high-intensity day-
time staffing, ICUs with fewer or less well-trained 
residents, or ICUs in other countries.
Second, our nighttime workforce may differ 
with respect to age, frequency of shifts, or other 
characteristics from workforces that are employed 
or considered elsewhere. It is uncertain whether 
different nighttime staffing models would affect 
patient outcomes.
Third, although we evaluated several outcomes, 
the presence of nighttime intensivists may affect 
other outcomes such as physician burn-out, staff 
satisfaction, patient and family experiences, ob-
jectively measured educational outcomes, and the 
incidence of malpractice claims. In addition, out-
comes external to the ICU were not measured, 
such as the possible role of nighttime intensivists 
in helping hospitals meet quality benchmarks.15
In summary, this randomized trial in an ICU 
with high-intensity staffing during the day failed 
to identify benefits to adding intensivists at night. 
The compelling face validity of nighttime inten-
sivist staffing has probably spurred the wide-
spread adoption of this staffing model.8,10 How-
Table 2. Primary, Restricted, and Sensitivity Analyses of the Effect of the Intervention.*
Analysis and Exposure Variable Population† Outcome Measured
Rate Ratio  
(95% CI)‡ P Value
Primary
Intensivist staffing on first night All patients Time to ICU discharge 0.98 (0.88–1.09) 0.72
Restricted
Intensivist staffing on first night Patients admitted at night Time to ICU discharge 0.98 (0.84–1.13) 0.74
Sensitivity 
Intensivist staffing on first night All patients Time to request for bed in general ward 0.97 (0.87–1.08) 0.56
Intensivist staffing on first night All patients Time to ICU discharge, with patients 
transferred to hospice facility catego-
rized as having died
0.97 (0.87–1.09) 0.61
Cumulative proportion of nights ex-
posed to the intervention§
All patients Time to ICU discharge 0.92 (0.81–1.04) 0.18
100% vs. 0% intensivist staffing Patients with all or no expo-
sure to intervention
Time to ICU discharge 0.98 (0.86–1.12) 0.81
* All the analyses were adjusted for APACHE III score and source of ICU admission (e.g., outside hospital, in-hospital floor, or emergency de-
partment).
† The total population (all patients) comprised 1598 patients. A total of 970 patients were admitted at night from (5:00 p.m. through 4:59 a.m.), 
and 1072 patients had either all or no exposure to the intervention.
‡ In this study, the rate ratio refers to the instantaneous rate of discharge from the ICU in the intervention group divided by the instantaneous 
rate of discharge from the ICU in the control group, such that a rate ratio greater than 1 would indicate that the intervention shortened the 
time to ICU discharge.
§ On each day of a patient’s stay in the ICU, the cumulative exposure was calculated as the number of intervention nights divided by the total 
number of nights up to that day.
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ever, nighttime intensivist staffing may also be 
one of several expensive medical practices that 
have been adopted without a supportive evidence 
base.31 Because the adoption of nighttime inten-
sivist staffing by hospitals with plentiful resourc-
es may siphon intensivists away from hospitals 
with fewer resources,17,18 rigorous evaluation of the 
model is needed in settings that were not evalu-
ated in this study.
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Table 3. Secondary Outcomes.*
Outcome Intervention Control
Relative Risk  
with Intervention
(95% CI)† P Value
no./total no. (%)
ICU mortality
All patients 154/820 (19) 139/778 (18) 1.07 (0.90–1.28) 0.45
Patients admitted at night 90/500 (18) 81/470 (17) 1.02 (0.82–1.27) 0.88
Hospital mortality
All patients 203/820 (25) 177/778 (23) 1.08 (0.93–1.25) 0.33
Patients admitted at night 122/500 (24) 103/470 (22) 1.06 (0.88–1.28) 0.51
Discharge home from the hospital
All patients 317/820 (39) 314/778 (40) 0.95 (0.85–1.07) 0.41
Patients admitted at night 190/500 (38) 197/470 (42) 0.94 (0.82–1.09) 0.44
ICU readmission within 48 hr‡
All patients 32/602 (5) 21/630 (3) 1.56 (0.84–2.89) 0.16
Patients discharged at night 20/324 (6) 14/356 (4) 1.36 (0.53–3.47) 0.52
* For all secondary outcomes except for readmissions, the exposure to intervention or control staffing was considered to 
be the exposure to the staffing model that was in place on the day of admission. For readmissions, the exposure to in-
tervention or control was considered to be the exposure to the staffing model that was in place at time of discharge or, 
for daytime discharges, during the preceding night. Night admissions were considered to be admissions between 5:00 p.m. 
and 4:59 a.m. The reference for all the analyses is the control group.
† A relative risk of more than 1 indicates that a greater proportion of patients in the intervention group had the outcome, 
whereas a relative risk of less than 1 indicates that a greater proportion of patients in the control group had the outcome.
‡ The analyses of ICU readmissions were restricted to patients who were discharged to floor locations within the hospital.
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